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CALIBRATION PROCEDURE THAT 
IMPROVES ACCURACY OF 

ELECTROLYTIC CONDUCTIVITY 
MEASUREMENT SYSTEMS 

BACKGROUND OF THE INVENTION 

The present invention relates to improvements in systems 
for the measurement of electrolytic conductivity. Typically, 
these systems are used for the measurement of the conduc 
tivity of Water and aqueous or non-aqueous solutions in 
environmental, industrial, medical, and other applications 
Where an indication of the total ionic content of the sample 
liquid is desired. Atypical system consists of a conductivity 
cell and meter. The meter applies an electrical input signal 
(generally a controlled voltage signal) to the cell Which 
contacts the sample. The meter also senses a resultant output 
signal from the cell (generally a current signal) that is 
usually a linear function of the solution conductivity and a 
property of the cell called the cell constant. 

There are many types of cells and meters. Typical cells 
may have tWo or four electrodes and may contain integral 
temperature sensors; cells may be dipped into solutions, 
solutions may be placed into cells, or solutions may ?oW 
through cells. Various meters may apply excitation signals 
differing in voltage, frequency, and Waveform; they may 
display results With a digital or analog display; they may 
sense and display temperature; and they may perform vari 
ous calculations in order to compensate automatically for the 
effect of temperature on the conductivity of various samples. 

In order that the ensuing description be clearly 
understood, the folloWing de?nitions are provided: 

Conductivity is a bulk property of a material and repre 
sents quantitatively the capacity of that material to 
conduct electricity; its reciprocal is resistivity. Conduc 
tivity does not depend on the quantity, shape, or siZe of 
the conducting material. Earlier literature often uses the 
terms speci?c conductance and its reciprocal speci?c 
resistance in place of conductivity and resistivity. Com 
mon units of conductivity are siemens/cm (S/cm), 
millisiemens/cm (mS/cm), and microsiemens/cm (uS/ 
cm). 

Conductance is a property of a particular piece of 
material, i.e., a component or device. Its reciprocal is 
resistance. As an illustration of the difference betWeen 
conductance and conductivity, consider tWo different 
pieces or pure copper Wire: they may have different 
conductance values but Will alWays have the same 
conductivity of the material, the conductivity of copper. 
Common units of conductance are siemens (S), mil 
lisiemens (m5), and microsiemens 

The Cell Constant of an electrolytic conductivity cell is a 
conversion factor Which converts conductance to con 
ductivity. It has units of cm_1. The cell constant is a 
function of cell geometry. In a tWo-electrode conduc 
tivity cell, the cell constant is a predictable function of 
the area of the electrodes and the distance betWeen 
them, if the electrodes are non-polariZed. It is useful to 
note that When the cell constant equals 1.0, the solution 
conductivity is equal to the cell conductance. 

Polarization is a condition in Which a resistance, not 
determined by the bulk resistance of the solution under 
test, exists at the interface betWeen an electrode and the 
test solution. This is an undesirable phenomenon Which 
causes errors in conductivity measurements. Conduc 
tivity cell and meter designers enact measures Which 
eliminate or minimiZe electrode polariZation. For 
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2 
example, on the meter side, AC excitation signals are 
virtually alWays used. This minimiZes alteration of the 
ionic concentrations in the solution in the vicinity of the 
electrode surfaces. On the electrode side, materials 
such as platinum black are used. The catalytic nature of 
the platinum black surface facilitates electron transfer 
betWeen the electrode and the solution. 

Generally, a linear range of operation is speci?ed for a 
conductivity system. This is the range of sample conductiv 
ity over Which the cell output signal is linearly proportional 
to solution conductivity. Or, expressed differently, the linear 
range is the range over Which the cell constant is truly a 
constant. 

Conductivity systems must be calibrated. It is typical that 
the conductivity meter is calibrated at the point of manu 
facture and is able to convert the cell output signal to 
conductance Without further calibration by the user, though 
he or she may Wish to verify meter calibration using a 
standard resistor in place of the cell. The user must hoWever 
carry out a procedure Which serves to calibrate the conduc 
tivity cell. This is equivalent to determining the cell con 
stant. 

In the cell calibration step, the user places the cell in 
contact With a solution of knoWn conductivity, often called 
a standard solution or simply a standard. The meter is then 
adjusted to display the knoWn conductivity of that solution 
at the temperature of the measurement; alternatively, a cell 
constant value can be input into the meter such that the 
correct conductivity reading is displayed. This process is 
equivalent to de?ning a calibration curve; in this case, the 
curve is assumed to be a straight line. A line is de?ned by 
tWo points: here, one point is obtained through the assump 
tion that an output signal of Zero equals a conductivity of 
Zero, and the second point is obtained in the calibration step. 
The calibration line is de?ned by the equation: 

Where c is the conductivity in appropriate units such as 
mS/cm, k is the cell constant and has units of cm_1, and SRM 
is the raW cell output signal in units of mS. This equation 
illustrates the role of the cell constant in converting the 
sample conductance value, Smw into a conductivity value, c. 

Linearity of a conductivity system is an ideal. Typically, 
there is a range of sample conductivity values over Which 
satisfactory linearity is observed for a given system. At the 
loW end of the range, deviations from linearity can be 
ascribed to such factors as capacitive impedance, Which in 
an AC measurement, increases at high resistances, i.e., loW 
conductivities. At the high end of the conductivity range, the 
resistances of Wiring and other components in measuring 
circuit become signi?cant compared to the resistance of the 
cell. Also, at the high end of the range, the current through 
the cell is greater: this increases the tendency of the elec 
trodes to become polariZed. 

SUMMARY OF THE INVENTION 

Disclosed is a tWo-point calibration procedure using a 
mathematical algorithm that improves the accuracy of elec 
trolytic conductivity measurements by correcting for non 
linear behavior of conductivity cells. 

Unlike purely mathematical means of correcting for non 
linearity Which may use second or higher order equations, 
this algorithm has the folloWing advantages: it is based on an 
analysis of the physical phenomena Which are responsible 
for non-linearity; it yields one unique solution, i.e., it uses an 
equation that has only one root; and it yields diagnostic 
information concerning the behavior of the cell. 
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In another embodiment of this invention, a conductivity 
system utilizing the described algorithm Was built and 
tested. The testing of this system led to the development of 
the folloWing system enhancements that are also deemed to 
be embodiments of the present invention: 

Built-in display of a parameter that indicates the degree of 
non-linearity; 

A means of automatically recogniZing speci?c standard 
iZing solutions; and 

A temperature-compensated algorithm for determining 
When a conductivity measurement signal is stable. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shoWs plots of relative conductivity versus tem 
perature for tWo KCl standards and for tWo typical natural 
Water samples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to the problem of electrode 
polariZation limiting the useful range of conductivity cells. 
It arose from the study of planar conductivity cells Which 
have a non-conventional geometry (for simplicity, the fol 
loWing explanation Will be restricted to tWo-electrode cells). 
The advantage of these planar cells is that they can be 
fabricated using techniques developed to a high degree of 
sophistication and cost-effectiveness in the microelectronics 
industry: they are constructed on a “chip”. The cell geom 
etries are non-conventional in that the electrodes share a 
common sensing surface in contact With the sample, 
Whereas conventional cells are generally con?gured such 
that the electrodes oppose each other and the sample solu 
tion is located betWeen them. 

When evaluating planar cells With platinum electrodes, 
non-linearity Was observed at loWer conductivities than With 
conventional electrode cells. In attempting to understand 
this phenomenon, it Was hypothesiZed that the resistance of 
the contacts betWeen the chip and connecting Wires might be 
someWhat high, since soldering to the platinum might have 
been improperly executed; or, the connecting traces or 
electrodes on the chip itself Were someWhat high in 
resistance, since they Were composed of extremely thin 
layers of metal. Were this to be true, an undesirable “series 
resistance” Would have been present in the measuring 
circuit, and its effect Would have been to induce non 
linearity at higher sample conductivity values. This hypoth 
esis can be illustrated in a series of equations. 

First: 

RTotal=RSolution+RSeries (2) 

Where RTOml is the total circuit resistance Which is the sum 
of the solution resistance, RSOIMn-On, and the undesirable 
series resistance, Rsm-es. The raW conductance signal, SRHW, 
from equation (1) is in this case expressed by the folloWing 
equation: 

1 (3) SW = — 

RSolution + RSeries 

from Which it folloWs that: 

1 — SRuw * RSeries (4) 
RSolution = 
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and combining With equation (1) gives: 

>14 

C = k 1.; = l (5) 
RSolution 1 — SRuw * RSeries 

Note the folloWing: 

1. S Raw as de?ned in equation (3), no longer represents the 
sample conductance as in equation (1), but rather the overall 
cell conductance Which includes the effect of the series 

resistance, R series‘ 

2. A linear relationship no longer exists betWeen S Raw and 

RSOIMn-On, except When the series resistance, Rsm-es, is Zero, 
in Which case equation (5) reduces back to equation 

This hypothesis Was tested in tWo experiments. The ?rst 
experiment Was based on the observation that equation (5) 
can be solved for k and RSm-es by means of the folloWing 
equations if tWo solutions of knoWn conductivity are tested. 
From equation (5), tWo equations can be Written, one for 
each solution of knoWn conductivity: 

1 k * 811W (6) 
C _ 1 - $1M * RM. 

k * $21M (7) 
c2 

= 1 - $2M * RM. 

Where c1 and S1 Raw represent the knoWn conductivity value 
and raW conductance signal respectively for the ?rst knoWn 
solution, and c2 and SZRaW represent the same parameters 
for the second. Subtraction of the second equation from the 
?rst yields a single equation from Which the variable R 
is eliminated so that k can be calculated: 

Series 

Rearrangement of equation (6) or (7) then alloWs calculation 
of 1‘Series: 

k * $11M - c1 

-S1R,,W * c1 

(9) 
RSeries = 

If different pairs of solutions yielded similar values in this 
experiment, that Would be an indication that a series resis 
tance Which Was independent of solution conductivity did 
exist, and this Would provide support for the hypothesis. 
Typical experimental results are shoWn in Table 1. 

The results in TABLE 1 indicate that equation (5) does 
accurately describe the behavior of the planar conductivity 
cell. Using three solutions and calculating Rsm-es three 
different Ways yielded values Which Were very similar, 
supporting the hypothesis that a series resistance Was present 
in the measuring circuit. 
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TABLE 1 

k and k and k and 
Known Measured RSeIieS from RSeIieS from RSeIieS from 

Solution conductivity(a) Conductance Sol’ns Sol’ns Sol’ns 
Number Composition (‘uS/cm) (,us) 1 & 20°) 2 & 30°) 1 & 3°’) 

1 10’3 M KCl 150.5 52.7 2.85 2.85 2.85 
52.86 50.85 52.67 

2 1072 M KCl 1413 483 
3 10’1 M KCl 12860 3667 

(“)I‘he conductivity values of solutions 1 and 2 were calculated based on values from the International 
Critical Tables and NIST; the conductivity of solution 3 was measured with a commercial cell with 
con?rmed linearity in this conductivity range. 
(b)k is in units of cm’1 and Rse?es is in ohms. 

The second experiment was to simply measure the resis 
tance of the measuring circuit. This was done by immersing 
the planar cell in mercury. This simulates measurement of an 
electrolyte with a resistance close enough to zero to be 
negligible in the circuit, such that any resistance found 
would be equal to Rsm-es, which the ?rst experiment indi 
cated should be about 51 ohms. This experiment yielded a 
very surprising result: the series resistance value was found 
to be negligible. 

This surprising result suggested that the phenomenon 
referred to as the series resistance was probably, in fact, 
polarization of the electrodes. When electrodes share a 
common surface, as in the planar cell, the current density 
tends to be non-uniform: higher at the edges which are 
closest to each other. This higher current density makes the 
electrodes more susceptible to polarization at sample con 
ductivities lower than would induce polarization in conven 
tional cells, and thus the linear range is restricted to lower 
conductivity values. This polarization resistance (more 
properly called “impedance”, since it appeared in an AC 
measurement) is what was calculated from equation 

In view of these experiments, it was realized that the 
exercise of calculating the so-called series resistance after 
measurement of the conductance of two known solutions 
provided a means of “linearizing” non-ideal conductivity 
systems. Moreover, this linearizing algorithm is rational, 
i.e., it tells a user something about the system. While it is 
clear that a system could be linearized by using a second or 
higher order equation to ?t non-linear data, however, that is 
a purely mathematical or statistical technique which is not 
derived from an analysis of electrochemical phenomena in 
the cell and does not give direct information concerning the 
degree of polarization in rational units such as ohms. 
Furthermore, a second or higher order equation is satis?ed 
by two or more roots, giving rise to confusion and 
complexity, since additional algorithms are required to 
determine which root represents the conductivity of the real 
sample solution. In this case, the set of equations, (6) 
through (9), derived from equation (5), always yields a 
unique solution. 

It is useful to mention that a series resistance or polar 
ization is expected to induce a speci?c type of non-linearity, 
that is, where the conductivity value obtained in a solution 
of higher conductivity than that used for calibration is lower 
than expected. Avalue higher than expected would result in 
a series resistance value that is negative when calculated 
according to equations (6) through (9) and that is a physical 
impossibility. Perfectly linear calibration data would result 
in calculation of a series resistance value of zero, since the 
term k*S1RaW—c1 in equation (9) would equal zero. 

The usefulness of this calibration technique was ?rst 
realized while studying non-conventional, planar conductiv 
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ity cells which display non-linear characteristics at relatively 
low conductivity values. The technique is also useful with 
conventional cells, since they are not ideally linear and will 
show substantial non-linearity at high conductivity values. 
The technique allows the conventional cells to be accurate at 
higher conductivities than would otherwise be possible. The 
technique has diagnostic utility as well. For example, plati 
num conductivity electrodes are platinized to reduce polar 
ization. From time to time the platinum surface degrades and 
must be replatinized. The data from the two-point calibration 
can be used to indicate when the polarization has increased 
beyond a speci?ed degree by monitoring the value of the 
“series resistance” (more under Non-Linearity Parameter). 
The use of equations (5) through (9) are not limited to a 

two-point calibration. Aminimum of two points are required 
in order to solve for k and Rsm-es, but those familiar with 
numerical methods of algebra will recognize that techniques 
such as non-linear, least-squares regression enable one to 
obtain a “best ?t” solution to a series of equations analogous 
to equations (6) and (7) when more than two calibration 
solutions are used. 

Two-point conductivity cell calibration using the 
described algorithm to calculate the cell constant and 
so-called series resistance improves the accuracy of conduc 
tivity measurements. A prototype microprocessor-based 
meter was built and the calibration technique was tested and 
proven to be effective with both planar and conventional 
cells. Working with the prototype system suggested certain 
enhancements to the two-point calibration. 

These enhancements, which are described below, were 
found not only to mitigate the inconvenience of having to 
run an additional solution, but were found also to stand alone 
as useful features of any conductivity meter, used with either 
planar or conventional cells. 

ENHANCEMENTS 

Non-Linearity Parameter 
To many users, who are not electrochemists but need to 

use conductivity systems, the idea of “series resistance” or 
polarization is not meaningful. Therefore, a simpler concept, 
a parameter which might be called “%Linearity” or 
“%Slope” was devised. 

It is instructive to describe an example of the utility of a 
diagnostic parameter such as %Linearity. It is common to 
use a solution of 0.01M KCl or 0.1M KCl as a single 
standard for carrying out a one-point conductivity cell 
calibration, i.e., for determining the cell constant. These 
solutions have conductivity values at 25° C. of 1,413 and 
12,860 yS/cm respectively. With an ideally linear conduc 
tivity cell, the cell constant determined with either standard 
will be the same. Under these circumstances, if 0.01M KCl 
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is used as the standard and the meter reading adjusted to 
1,413 pS/cm, a reading of 12,860 pS/cm Will be observed 
When 0.1M KCl is next measured. Some illustrative data is 
shoWn in TABLE 2. 

Referring to TABLE 2, a raW conductance reading of 
1,400 pS in the ?rst standard results in a calculated cell 
constant of 1.009 cm_1. When 12,600 #5, the raW conduc 
tance reading in 0.1M KCl, is multiplied by the cell constant 
to obtain the observed reading, it is found to be 12,717 
pS/cm, slightly less than the 12,860 pS/cm expected for an 
ideal cell. A value of 99.5 is obtained for the parameter 
%Linearity, de?ned here by equation (10). 

k — S2 10 
% Linearity = l * 100 ( ) 

02 

TABLE 2 

First Standard 

Conductance Conductivity Calculated 
Reading Value Cell Constant 

Composition (SlRaw, ,uS) (c1, ,uS/cm) (k, cm) 

0.01 M KCl 1,400 1,413 1.009 

Second Standard 

Conductance Observed Expected 
Reading Reading Reading Calculated 

Composition (S2Raw ,uS/cm) (c, ,uS/cm) (c2, ,uS/cm) % Linearity 

0.1 M KCl 12,600 12,717 12,860 99.5 

A %Linearity value of 99.5 Would in most cases be 
considered an indication that the one-point calibration in 
0.01M KCl Was satisfactory even for measurements in 0.1M 
KCl. The tWo-point calibration Would improve performance 
by eliminating the 0.5% error that is indicated by a %Lin 
earity value of 99.5, but the point of this example is to 
illustrate the folloWing additional advantage to the tWo-point 
calibration. 
As previously mentioned, platiniZed platinum cells 

degrade With time. The tWo-point calibration Would indicate 
this degradation by an ever decreasing value for %Linearity. 
Users could incorporate into their standard operating pro 
cedures provisions that cells be replatiniZed When %Linear 
ity values fall beloW a certain value such as 98 or 95%. Cells 
other than platiniZed platinum cells degrade With time due to 
fouling or other phenomena and the %Linearity concept that 
is offered by the tWo-point calibration Would be of use in 
verifying proper operation of those cells as Well. The %Lin 
earity parameter is much more sensitive indicator of cell 
performance than the cell constant alone. 

It is Worth mentioning that perfectly linear calibration 
data Would result in a %Linearity value of 100 since 
(k—S2RaW)/c2 Would equal one (series resistance of Zero). It 
is possible that a %Linearity value greater than 100 could be 
obtained. This Would result from some phenomenon other 
than a series resistance or polariZation, for example, inac 
curate standard solutions. In the prototype system, reversion 
to a one-point calibration occurred in this situation and an 
error message Was displayed Which suggested that the 
standard solutions might be bad. 

Thus, after performing a tWo-point calibration, the pro 
totype meter Was programmed to display tWo calibration 
constants, the cell constant, k, and the %Linearity. It should 
be evident from the calibration and %Linearity equations 
that %Linearity is algebraically derivable from the value of 
the series resistance and vice versa. 
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8 
Automatic Standard Recognition 
Since at least tWo knoWn solutions must be tested to 

correct for non-linearity, the described calibration procedure 
is someWhat more complex and time-consuming than a 
conventional one-point procedure. In order to mitigate this 
disadvantage, a feature Was added Which alloWed automatic 
recognition of standard solutions. 
The automatic standard recognition feature operates as 

folloWs: if the number of possible standard solutions Which 
may be used is limited to a relative feW With conductivity 
values that are in quite different ranges (as is usually the 
case), and if approximate cell constant and series resistance 
values are input to the meter or reside in memory as default 
values, and if the meter is set to a calibration mode so that 
it “knoWs” the cell is in a standard solution from a list 
contained in memory. This can be accomplished by means of 
a table or equation Which matches the “estimated” conduc 
tivity value (a function of measured conductance and the 
approximate cell constant and series resistance) to that 
associated in memory With the appropriate standard at the 
temperature of measurement. Having identi?ed the standard, 
the meter can then display the exact conductivity value at the 
measured temperature and the user can press a key to 
indicate acceptance of that value, Which is then stored in 
memory and used in subsequent calibration calculations. 
This process eliminates the need for the user to look up the 
proper conductivity value for that standard and input it to the 
meter. The time and effort required to accomplish input of 
calibration data is thereby decreased. 

In cases Where the cell constant and series resistance 
values are not knoWn accurately enough for recognition of 
the standard to take place, a “manual” calibration can be 
carried out ?rst. The cell constant and series resistance 
values determined during this calibration can then be stored 
in memory and used to recogniZe standards in subsequent 
calibrations. 

Although the foregoing description of standard recogni 
tion has been Written With the tWo-point calibration in mind, 
it is applicable to less than or more than tWo standards. 

In order for standard recognition to be viable, certain 
limitations must be imposed. For example, the accuracy of 
the estimated cell constant and series resistance values 
stored in memory determines the magnitude of conductivity 
differences that must exist betWeen standards Which are 
adjacent to each other in the list of standards to be identi?ed. 
OtherWise misidenti?cation could occur. Also, conductivity 
values for each listed standard as functions of temperature 
must be stored in memory, either by means of a table or 
equation Which covers the range of temperature over Which 
standard recognition is speci?ed to Work. 

Temperature-Compensated Stability Algorithm 
An additional enhancement to the prototype system Was a 

temperature-compensated signal stability determination 
algorithm, henceforth referred to simply as the stability 
algorithm. The desirability of this feature Was realiZed, in 
particular, When applying the standard recognition feature to 
planar cells. A common feature of instrumentation of this 
type is automatic monitoring of the rate of change of input 
signals, such that an indication of Whether a signal is stable 
can be displayed. An example of such an indication might be 
the illumination of the Word “READY” When the rate of 
change of the input signals is less than a speci?ed value. 
Such a feature eliminates the need on the part of the user to 
make a judgment as to Whether the signal is stable or not. 

Since electrolytic conductivity is such a strong function of 
temperature (~2%/°C.), most cell and meter combinations 
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include simultaneous temperature measurement by using a 
temperature sensor Which is integral to the cell. Oftentimes, 
the temperature of a sample Will be different from that of the 
sensing probe (by “probe” is meant the combination of cell 
and temperature sensor). When the probe is placed into the 
sample, the probe and sample in contact With the probe 
begin to change temperature. 

In some cases, depending on probe design, the sensed 
temperature may or may not be the temperature Which 
correctly represents the temperature of the conductivity 
measurement, because the relevant temperature for the con 
ductivity measurement is that of the bulk solution contained 
in the measurement volume of the cell, Whereas the tem 
perature indicated by the temperature sensor is that of the 
sensor itself, Which may be imbedded at some depth in the 
probe body and not be representative of the bulk solution 
temperature until a period of time suf?cient for attaining 
complete temperature equilibration has elapsed. Since sys 
tem designers recogniZe When the conductivity and tem 
perature signals are changing, that there may be a disparity 
betWeen the sensed temperature and the temperature rel 
evant to the conductivity measurement, “READY” indica 
tions are generally not given until the rate of change of both 
the temperature and conductivity signals are less than speci 
?ed values. This disparity represents one of tWo relevant 
cases and Will henceforth be referred to as the “non 
tracking” case. 

In the particular case of a planar cell With a planar 
temperature sensor, the second relevant case, the “tracking” 
case, is encountered. Here, although the temperature 
changes When the probe is immersed into a sample, the 
conductivity electrodes and non-embedded temperature sen 
sor are so thin that they rapidly assume sample temperature 
and change With it, so that the measured temperature does 
represent the temperature in the bulk solution Where the 
conductivity is determined. The temperature signal “tracks” 
the conductivity signal. In this case, it Would be desirable for 
a “READY” indicator to be activated even though both 
signals are changing, since the displayed conductivity and 
temperature values are correct, although changing. 

Reading the conductivity and temperature values “on the 
?y”, that is, While they are still changing but tracking each 
other, is especially useful When applying automatic standard 
recognition While using a planar cell. Reading on the ?y 
decreases the time required to acquire a calibration point and 
in the tWo-point calibration this is doubly useful. In the 
prototype system, the meter automatically read and stored 
the calibration data When stability Was sensed and then 
prompted the user to perform the neXt step. Initially, the 
conductivity and temperature signals Were evaluated indi 
vidually to determine stability. With a planar cell, it Was 
found to take an inordinately long time, many minutes, for 
stability to be achieved When the sample temperature Was 
different from room temperature. Thus a neW stability algo 
rithm Was devised Which Was capable of determining 
Whether the conductivity and temperature readings Were 
tracking each other and Which Would take the readings on 
the ?y When tracking Was con?rmed. 

In order to determine Whether conductivity and tempera 
ture signals are tracking, it is necessary to knoW hoW the 
conductivity of the solution in the cell changes With 
temperature, or to make some educated assumptions. In the 
case presented here, the standard solutions to be recogniZed 
Were KCl solutions. Also, it Was desired that the stability 
algorithm be able to sense the tracking situation in certain 
sample solutions as Well. FIG. 1 shoWs plots or relative 
conductivity versus temperature for tWo KCl standards and 
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10 
for tWo typical natural Water samples. As can be seen, the 
curves are similar but not identical. It Was estimated, 
hoWever, that a function derived from an average of the 
curves shoWn could be used to determine tracking With 
adequate accuracy, and the algorithm developed around this 
assumption is noW described. 

The rate of change of raW conductance signal can be 
expressed as its ?rst derivative With respect to time, dSRaW/ 
dt. This value can be calculated in any number of Ways from 
time-labeled conductance values Which are stored in the 
meter’s memory at regular, speci?ed intervals. LikeWise, a 
rate of change of temperature, dT/dt, can be calculated. In a 
non-temperature-compensated stability algorithm, such as 
that initially tried in the prototype system, the “READY” 
criterion Was satis?ed When the values of both of these 
parameters Were beloW speci?ed values (absolute values to 
be exact). In the temperature-compensated stability 
algorithm, instead of calculating dT/dt, a rate of change of 
a function of temperature is calculated, dF/dt. The function 
F Was derived from the data in FIG. 1. F Was chosen to be 
a poWer series in temperature: 

The data used to generate the curves in FIG. 1 Were ?t by 
the method of least-squares regression to equation (11)1. 
This resulted in a function F that varied With temperature in 
eXactly the same manner as the conductivity of a typical 
solution of KCl or natural Water Would. NoW, instead of 
evaluating tWo rate of change functions to determine 
stability, a single ratio is evaluated: 
1 In the prototype system, it Was actually the voltage output of a thermistor 
network that Was ?t to the equation; this results in different numerical values 
for the coe?icients a, b, c, and d, but is in principle the same as ?tting to a 
temperature value. 

dSRuw 
dF 

(12) 

This ratio, R, does not change its value When the rate of 
change of conductivity and temperature values are tracking. 
The meter can thus compare a series of time-labeled R 
values in order to turn the “READY” indicator on or off, or 
in order to take and record the data during calibration. 

Although developed speci?cally With the planar cell in 
mind, it Was found that the use of the stability parameter R 
in place of individual conductivity and temperature stability 
parameters improved performance even With conventional 
cells. For eXample, in cases Where the sample temperature is 
changing due to changes in ambient temperature or because 
the sample is taken from a sample source into a lab at a 
different temperature, algorithms Which depend on both 
conductivity and temperature being stable may fail to shoW 
the “READY” indication even though “tracking” is occur 
ring. With the temperature compensated algorithm, the 
“READY” indication Was found to be a more reliable 

indicator of the stability of the measuring system. 
The present invention has been described in detail, includ 

ing the preferred embodiments thereof. HoWever, it Will be 
appreciated that those skilled in the art, upon consideration 
of the present disclosure, may make modi?cations and/or 
improvements on this invention and still be Within the scope 
and spirit of this invention as set forth in the folloWing 
claims. 
What is claimed is: 
1. A method for calibrating the conductivity system of a 

conductivity meter, Wherein the calibration method is for 
lineariZing non-ideal conductivity system, comprising the 
steps of: 
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providing a probe comprising a conductivity cell; 
contacting the probe With a ?rst through n’h knoWn 

solution to provide a ?rst through n’ conductance 
value, Where n is an integer Z2; 

calculating the series resistance or polariZation of the 
conductivity system from the n conductance values by 
solving the folloWing equation for each of said values 

RSolution 

Where cn is the conductivity of the nth solution, k is the 
cell constant and SnRaW is the raW cell output signal for 
the n”1 solution; and 

determining a linear calibration curve for said conductiv 
ity system using the results of said calculating step. 

2. The method of claim 1, Wherein n=2. 
3. The method of claim 2, further comprising the step of: 
calculating the %Linearity of the conductivity system by 

solving the folloWing equation: 

% Linearity = * 100 

4. The method of claim 1, Wherein the probe further 
comprises temperature sensors, and said contacting step 
further for providing temperature values tn. 

5. The method of claim 4, further comprising the steps of 
providing a memory unit; 
storing the values for cn and tn in said memory unit; 
selectively utiliZing said values for cn and tn for perform 

ing calibration. 
6. The method of claim 1 Wherein the conductivity cell is 

a planar cell. 
7. The method of claim 1 Wherein the conductivity cell is 

a conventional cell. 
8. The method of claim 1 Wherein the conductivity cell is 

provided With platinum electrodes. 
9. The method of claim 4 Wherein the conductivity cell is 

a planar cell. 
10. The method of claim 9, further comprising the steps 

of: 
calculating a poWer series function of the instantaneous 

temperature folloWing the contacting step; 
calculating a ratio of the instantaneous values of SnRaW to 

said instantaneous values of said poWer series; 
indicating When the rate of change of said value of said 

ratio is beneath a predetermined threshold. 
11. An apparatus for calibrating the conductivity system 

of a conductivity meter and for lineariZing a non-ideal 
conductivity system, comprising: 

a probe comprising a conductivity cell for measuring 
conductance values of solutions; 
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12 
means for calculating the series resistance or polariZation 

of the conductivity system from n conductance values 
by solving the folloWing equation for each of said 
values 

RSolution 

Where cn is the conductivity of the n”1 solution, k is the 
cell constant and SnRaW is the raW cell output signal for 
the nth solution; and 

means for determining a linear calibration curve for said 

conductivity system using the calculations of said cal 
culating means. 

12. The apparatus of claim 11, Wherein n=2. 
13. The apparatus of claim 12, further comprising: 

means for determining the % Linearity of the conductivity 
system by solving the folloWing equation: 

* 
C2 100 % Linearity = 

14. The apparatus of claim 11, Wherein the probe further 
comprises temperature sensors for providing temperature 
values tn of the n solutions. 

15. The apparatus of claim 14, further comprising a 
memory unit, said memory unit storing the values for cn and 
tn; and 
means for selectively utiliZing said values for cn and tn for 

performing calibration. 
16. The apparatus of claim 11 Wherein the conductivity 

cell is a planar cell. 
17. The apparatus of claim 11 Wherein the conductivity 

cell is a conventional cell. 
18. The apparatus of claim 11 Wherein the conductivity 

cell is provided With platinum electrodes. 
19. The apparatus of claim 14 Wherein the conductivity 

cell is a planar cell. 
20. The apparatus of claim 19, further comprising: 
means for calculating a poWer series function of the 

instantaneous temperature folloWing the contacting 
step; 

means for calculating a ratio of the instantaneous values 
of SnRaW to said instantaneous values of said poWer 
series; 

an indicator for indicating When the rate of change of said 
value of said ratio is beneath a predetermined thresh 
old. 


